INTRODUCTION
Metal complxes as enzyme models have been intensively studied and played an important role in elucidating enzyme reaction mechanisms. Macrocyclic polyamines offer useful models for redox-related metalloenzymes. One notable example is 16-membered dioxopentaamine complexes with Ni" that activate molecular oxygen to catalyze the conversion of benzene into phenol at r.t. complexes. The biological macrocyclic tetraamines are functionalized for their specific activities by having proximate donor ligands such as imidazole, phenolate or cysteine at an axial position. Therefore, it was felt that incorporation of intramolecular axial donor groups into macrocyclic polyamines would attach various enzyme functions to these metal complexes. that leads to a novel class of macromonocyclic polyamines 5 having aromatic donor group-bearing side arms attached at a ring carbon atom. The reaction uses ,8-unsaturated carboxylic acid esters and linear polyamines for a new one-step annelation that successively involves Michael addition followed by intramolecular lactam formation. In the present study, we have applied this method to the synthesis of a new serLes of macrocycles having phenol (6, 7, 8,) , catechol (i), hydroquinone (1Q), and pyridine (ii) as pendents. The facile coordination to the metal ions held in macrocycles by the phenol side-arms in 6, 7, and 8 is firmly established by the solution studies and X-ray crystal analyses. As typically illustrated by the pH-metric titration of 64HC104 in the presence of equimolar Fe" (see Fig. 2 
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The apical phenolate coordination is unequivocally proven by an X-ray crystal study of NiU_6 complex (Fig. 3) becomes robust toward oxidation : its 1/2 is raised to -+0.9 V from -+0.4
V of the uncoordinated phenolate. This system may be used to account for the effect of the axial phenolate (tyrosine)-coordination in biological porphyrin complexes, catalase and abnormal heme that favor FeIU over FeU.
The firm phenolate coordination is most dramatically demonstrated by the Ni-7 complex structure. In the absence of the phenol side-arm, the 13- 
APICAL COORDINATION OF PYRIDYL PENDENT
The pyridyl coordination of !Q at an axial position is unequivocally established by an X-ray crystal study Qf the Ni" complex (See Fig. 4) (ref. 14) . The Ni-N(pyr) bond distance of 2.124 A is longer than those of the equatorial Ni-N bonds. The average Ni-N(cyclam) bond distance of -2.07 A is compatible with NI" in high-spin state. The cyclam configuration is similar to that of phenol-pendent-cyclam (Fig. 3) . The NI" redox potential is raised to +0.61 V vs SCE (pH 7) from +0.5 V of the cyclam complex. Recall that the phenolate coordination in 5 lowers it to +0.35 V. The higher NI" potential illustrates an effect of pyridine (as u-acceptor) coordination. In a similar fashion, Fe" redox potential of +0.12 V with the pyridyl coordination is positive-shifted from -0.16 V with phenolate coordination (both at pH 7, 25 °C, and I = 0.1 M NaC 104).
